Background: This study proposes a new approach for investigating bias in self-reported data on height and weight among adolescents by studying the relevance of participants' self-reported response capability. The objectives were 1) to estimate the prevalence of students with high and low self-reported response capability for weight and height in a self-administrated questionnaire survey among 11-15 year old Danish adolescents, 2) to estimate the proportion of missing values on self-reported height and weight in relation to capability for reporting height and weight, and 3) to investigate the extent to which adolescents' response capability is of importance for the accuracy and precision of self-reported height and weight. Also, the study investigated the impact of students' response capability on estimating prevalence rates of overweight.
) is a frequently used measure for estimating weight status e.g. [1] . In large population surveys, direct measurement of height and weight is often not feasible due to restrictions in financial resources. Instead, data are commonly collected by self-reports. Selfreported data on height and weight are compromised by a number of methodological issues. Study populations of adolescents are often characterised by a substantial proportion of missing values on height and weight [2] [3] [4] . Further, weight is often under-reported [5] [6] [7] [8] [9] [10] [11] [12] [13] while height tends to be over-reported [5, 6, 8, 10, 12, 13] . Consequently, BMI is frequently underestimated leading to misclassification as some overweight individuals are classified as being normal weight.
This paper proposes a new approach for studying bias in self-reported data about height and weight, namely to study the relevance of participants' self-reported response capability. The relevance of considering the regularity of adolescents weighing or measuring practises and their opportunities for weighing and measuring themselves have previously been highlighted [7, 14] . However, the empirical research investigating the importance of weighing oneself for the capability for responding to survey questionnaires is scarce. De Vriendt (2009) and colleagues found that Belgian adolescents who weighed themselves during the past year reported their weight with a higher accuracy than those who did not [15] . Hauck and colleagues found that a large proportion of American Indian adolescents did not know their weight or height and about half of those who reported their weight and height were uncertain about the value [16] .
As indicated by the previous studies, weighing and measuring practices may be important for the ability to provide valid information on weight and height. The proximity in time between weighing and height measuring and reporting the data may be particularly important during adolescence as most adolescents experience a substantial increase in both height and weight. Also, participants' response may be influenced by their ability to recall their height and weight. Therefore it may be useful to include items on weighing and height measuring history and perceived recall ability in survey instruments. This will allow results to be evaluated according to respondents' capability to respond. However, the relevance of collecting such data is dependent upon the extent to which response capability for height and weight indeed is associated with the level of precision (random errors) and accuracy (systematic errors) in the self-reported measures.
The aims of this study are 1) to estimate the prevalence of low response capability for weight and height in a school-based self-administrated questionnaire survey among a population of 11 to 15 year old Danish adolescents, 2) to estimate the proportion of missing values on self-reported height and weight in relation to capability for reporting height and weight, and 3) to investigate the extent to which adolescents' response capability influence the precision and accuracy in self-reported height and weight. Fourth and finally, the study aims to investigate the impact of students' response capability for estimating prevalence rates of overweight.
Methods

Design
Data are from the Aarhus School Survey, a school-based cross-sectional questionnaire survey conducted in the city of Aarhus, the second largest city in Denmark (314.000 inhabitants). The overall aim of the study was to investigate health, health behaviour, social relations and well-being of schoolchildren in Aarhus. The survey is an interim data collection of a nationally representative survey conducted every fourth year constituting the Danish contribution to the cross-national Health Behaviour in School-aged Children (HBSC) survey [1, 17] . The HBSC survey collects data from schoolchildren aged 11, 13 and 15, and the same age groups were approached in the Aarhus School Survey.
Sampling
The Aarhus School Survey applied a strategic sampling procedure to ensure sufficient variability in socioeconomic position and ethnic background. Thirteen schools were included and all students at grade five, seven and nine were invited corresponding to the age groups of 11, 13 and 15 years. A total of 2.100 students were included in the final data file corresponding to 99% of the students present on the day of data collection and 89% of the students enrolled in the sampled classes.
Data collection
The procedures for data collection resembled the procedures applied in the HBSC survey [1, 17] . In each participating school, the school board, headmaster and students' council had approved the study and the school nurse had been informed. The students were asked to complete the questionnaire following a standard instruction from the teacher and to return their questionnaire in sealed envelopes in order to protect their anonymity.
Parts of the internationally standardised HBSC instrument were applied for measuring socio-demographic factors, health, weight and height, health behaviours, well-being and social relations [1] . Additional items were developed for the survey including items on history of weighing and height measuring and perceived weight and height recall ability. We conducted a qualitative pilot study based on focus group discussions with students who answered the draft questionnaire. Based on the experiences from the pilot we developed the final version of the questionnaire.
Measurements
Self-reports of weight and height were collected by the items "How much do you weigh without clothes?" (in kg.) and "How tall are you without shoes?" (in cm.).
The following questions on response capability were placed apart from the two first questions on weight and height in the questionnaire.
We obtained information on weighing and height measuring history by two items: 'When were you last weighed/height measured? with the response categories: a) within the past week, b) within the past month, c) within the past half year, d) more than half a year ago, and e) don't remember'. We dichotomised weighing history into being weighed 'within the past month' (recently) versus the combined 'more than one month ago' and 'don't remember' categories (not recently). Height measuring history was dichotomised into being measured 'within the past half year' (recently) versus the combined 'more than half a year ago' and 'don't remember' (not recently).
Perceived recall ability was measured by the following two items: 'Many children and adolescents have trouble remembering their weight/height. How well do you remember your weight/height?' with the following response categories: a) exactly, b) approximately, c) not very well, and c) don't remember it. We dichotomised weight and height recall ability into 'exactly' and 'approximately' (high) versus 'not very well' and 'don't remember' (low).
We defined two four-category combined variables on response capability for weight and height, respectively, by combining the variables on measuring history (recently/not recently) and perceived recall ability (high/ low). Also, a dichotomized combined variable on BMI response capability was constructed. High BMI response capability included students who were recently weighed and height measured and who had also high recall ability for weight and height. Students not fulfilling these requirements were categorised by low BMI response capability. Students with missing data on weighing/height measuring history or recall ability were coded missing in the combined variables.
Parents' occupational social class was measured by students' reports of their parents' occupation, coded into social class and categorised according to highest ranking parent into 'high' , 'medium' , 'low' , and 'unclassifiable'. Family structure was based on students' reports on who they live with and categorised into 'traditional family' (two biological parents), 'single-parent family' (one single biological parent), 'reconstructed family' , and missing information. Students living in other family structures were low in number (n = 15) and were left out of analyses. Further, we categorised migration status based on students' reports on own and parents' place of birth and students were classified into 'Danish' , 'immigrants' and 'descendants of immigrants'.
After students had completed the questionnaire survey they were invited for a consultation where direct weight and height were measured to the nearest 0.1 kg and 0.5 cm by two school health nurses at the school settings following standardised instructions. The consultations were conducted within one to three weeks following the questionnaire survey. The same weighing balance (model Seca 882) was applied for collection of all data on weight. Students were weighed wearing underclothes or the minimum clothes acceptable to them. The types of clothing were recorded. Students' height was measured standing without shoes under standardised instructions ensuring perpendicular measures at a correctly placed height measuring scale. Following data collection, data on weights were corrected for students wearing more than underclothes (n = 860) by extracting mean weights for typical pants, skirts and long-sleeved tops. The individual extraction weight of the clothe item was done according to the student's measured height in one of three height groups, based on the total height distribution of the sample. Table 1 describes the distribution of variables used in analyses.
Ethical issues
The study complies with the Helsinki II declaration. In Denmark there is no formal agency for approval of population based surveys and the schools decide autonomously whether to participate in such surveys. The survey was conducted under full confidentiality, informed consent and voluntary participation.
Statistical analyses
BMI was computed for each individual (BMI = kg/m 2 ). The meaning of BMI-values varies depending on a child's age and gender and BMI-values were therefore transformed into z-scores based on data tables and formulas provided by WHO [18] . Overweight was defined by z-score ≥1 according to the guidelines by WHO [18] .
We used Chi-square test to test for significant differences in pair-wise comparisons of distributions. Paired-sample t-tests were conducted in order to detect significant differences in means between the direct measures and self-reported data on weight and height, respectively.
Systematic measurement error was studied by multivariate analyses of variance [19] . Here, the association between the independent variables weighing/height measure history, recall ability for weight/height, response capability for weight/height and BMI response capability and the dependent variables difference between self-reported and direct measures of weight, height and BMI z-score were analysed, respectively. Analyses were conducted in two steps: First, analyses stratified by gender and adjusted by age, family occupational social class, family structure and migration status were completed. A random effect of school was included to adjust for the design effect introduced by the applied cluster sampling approach [20] . From the literature it is evident that underestimation of weight is especially observed among girls who consider themselves to be too fat [13, 21] and that overweight and obese adolescents tend to underreport their weight compared to normal weight adolescents [9, 10, [22] [23] [24] . The literature also documents that taller adolescents tend to underestimate their height whereas shorter adolescents tend to overestimate height [25] . These findings suggest social desirability bias in adolescents' reports of height and weight.
The concept of response capability and the applied operationalization may potentially overlap with the concept of social desirability. Therefore, secondly analyses also adjusted by measured weight and height, respectively, were conducted.
Finally, prevalence of overweight was described by BMI response capability.
Generally, since marked differences were observed between boys and girls, all analyses were therefore conducted stratified by gender. The modifying effect of gender was also tested by inclusion of an interaction term in the multivariate analyses. All statistical analyses were conducted in SAS version 9.1 (SAS Institute, Cary, NC). 
Results
Not having been height measured recently and low recall ability for height and weight were each observed among approximately one fifth of the study population while one third had not been weighed recently. The proportion of students with high response capability for weight and height was 62.7% and 67.6% respectively. The proportion of students with high capability for reporting BMI was 48.7% (Table 1) . The proportion of missing values on weight and height was significantly higher among students who had not been weighed and height measured recently and among students who reported low recall ability. Analyses of the distribution of missing values by the combined measure of response capability for weight showed that the proportion of missing values was high when students reported low recall ability irrespectively of when they were last weighed (approximately 20% compared to 5-10% in the groups of students with high recall ability). The same pattern was seen for the combined measure of response capability for height (data not shown). Table 2 compares self-reported and direct measures of weight by weighing history, recall ability for weight and response capability for weight. Generally, significant underestimation was seen among both boys and girls (boys: -0.81 kg, SD = 4.95; girls: -1.82 kg, SD = 3.15). Analyses stratified by weighing history showed a significant underestimation of weight both among girls who are weighed recently and those who are not. The largest mean underestimation was observed among girls who are not weighed recently (−2.70 kg, SD = 4.11). Among boys, underestimation of weight was only significant among those who are weighed recently (−0.90 kg, SD = 4.24). For both boys and girls a significant underestimation of weight was observed both among students with high recall ability and students with low recall ability. Mean underestimations were larger among students with low recall ability. Analyses stratified by combined information on student weighing history and recall ability for weight showed varying patterns by gender. Among boys significant underestimation was only observed in the combination 'being weighed recently + high recall ability' (−0.88, SD = 4.25) and in the combination 'not being weighed recently + low recall ability' (−1.29, SD = 5.43). Among girls significant underestimation was observed in all four combinations. The smallest underestimation was observed among girls 'being weighed recently + high recall ability' (−1.42, SD = 2.39). In analyses of all operationalizations of response capability the largest standard deviation of mean difference for weight were seen among students with low response capability indicating a lower reporting precision (random measurement error). Table 3 compares self-reported and direct measures of height by height measuring history, recall ability for height and response capability for height. There was a significant overestimation among boys (+0.25 cm, SD = 3.47) but not among girls. For both boys and girls, analyses stratified by height measuring history showed insignificant overestimations among both students measured recently and students not measured recently. Analyses stratified by recall ability for height revealed a significant overestimation among both boys and girls with high recall ability (boys: +0.34 cm, SD = 3.21; girls: +0.19 cm, SD = 2.56). Analyses stratified by combined information on student height measuring history and recall ability for height showed significant overestimation among boys in the group 'measured recently + high recall ability' (+0.29 cm, SD = 3.12) and in the group 'not being measured recently + high recall ability' (+0.81 cm, SD = 3.54). Among girls, no significant differences were observed between self-reports and direct measures in any of the four groups. In analyses of all operationalizations of response capability the largest standard deviation of mean difference for height were seen among students with low response capability indicating a larger random measurement error. Table 4 presents mean difference in BMI z-score based on self-reported and direct measures of weight and height by BMI response capability. Significant underestimations of BMI z-scores were observed for both students with high and low BMI response capability. Especially among girls, underestimation of BMI z-scores was larger among students with low BMI response capability (−0.34 kg/m 2 , SD = 0.61) than high BMI response capability (−0.23 kg/m 2 , SD = 0.45). A larger random measurement error was observed among students with low response capability. Table 5 presents the multivariate analyses. Model 1, adjusting for age, family occupational social class, family structure and migration showed that among girls significantly larger underestimation of weight was observed among students not weighed recently (B = −1.20 kg, p > 0.0001, interaction with gender: p = 0.0015). Also among girls, low recall ability was associated with significantly larger underestimation of weight (B = −1.39 kg, p > 0.0001). Compared to girls 'being weighed recently + having high recall ability' all three remaining combinations of response capability for weight significantly underestimated weight (significant interaction with gender: p = 0.0033). Finally, among girls, low BMI response capability was associated with an underestimation of BMI z-score of −0.13 (p = 0.0019) (significant interaction with gender: p = 0.0105). The multivariate analyses showed no significant associations among boys. No additional significant interactions with gender were identified. In model 2, adjustment for measured height and weight were also included. Generally, a reduction in estimates was observed. Among girls the estimate for weighing history and recall ability for weight were reduced to B = −1.02 and B = −0.99, respectively. No changes in directions of associations or levels of significance were observed. Table 6 presents overweight prevalence based on selfreports and direct measures by BMI response capability. Among boys, the difference in absolute underestimation of overweight prevalence between students with low and high BMI response capability was 0.58 percentage points being highest among boys with high response capability. Among girls, the difference constituted 1.33 percentage points with the underestimation being largest among girls with low response capability. Generally, the overweight prevalence was higher among students not measured recently compared to those measured recently and among student with low recall ability compared to students with high recall ability (data not shown). This is reflected in table 6 showing that the overweight prevalence was highest among students with low BMI response capability.
Discussion
The presented results from a Danish population of school children aged 11 to 15 showed that approximately one third of the students have low response capability for weight and height, respectively. Every Table 4 Comparisons of z-scores based on self-reported and direct measures of weight and height among 11-to 15 year old adolescents by response second participant had low response capability for BMI. Students who reported low recall ability were less likely to report their weight in the survey irrespective of when they were last weighed. The same pattern was found for response capability for height. This indicates that reporting of weight and height depend more on recall ability than on weighing and height measuring history. * adjusted for age, family occupational social class, family structure and migration. A random effect of school was included to adjust for the design effect introduced by the applied cluster sampling approach. ** adjusted for age, family occupational social class, family structure, migration and direct measure of height and/or weight. A random effect of school was included to adjust for the design effect introduced by the applied cluster sampling approach. ***High BMI response capability = measured recently + high recall ability for height + weighed recently + high recall ability for weight, Low combined response capability = remaining categories.
Both boys and girls underestimated their weight. The average underestimation was relatively small, 0.8 kg for boys and 1.8 kg for girls. This difference by gender is in line with a number of previous studies [6, 8, 9, 21, [25] [26] [27] while other studies find no differences between boys' and girls' reports [5, 7, 12, 14, 23, 28] . Only among girls, a significant larger systematic underestimation of weight was seen among those who are not weighed recently. This result is in line with the findings of the previous Belgian study by De Vriendt (2009) [15] . Significantly larger underestimation was also seen among girls who do not recall their weight. When analysing the combined measure for response capability for weight having 'weighed recently + high recall ability' as the reference group all remaining combinations of weighing history and recall ability show a significantly larger underestimation of weight. While no systematic under-or overreporting of weight by response capability was detected among boys, both among boys and girls the results indicate a larger reporting error (random measurement error) among students with low response capability.
Generally, adolescents tend to overestimate their height [5, 6, 8, [10] [11] [12] 28] and in the present study this is observed among boys. A few studies show overestimation of height especially among girls [13] [14] [15] 27] . It is however questionable whether the difference observed in the present study is practically relevant as it does not exceed the precision of the height measures. There was no significant difference between mean self-reported height and mean direct measures of height among girls. The multivariate analyses showed that for both boys and girls neither height measuring history, recall ability for height or response capability for height are systematically related to the difference in self-reported and directly measured height. While no systematic difference in misclassification of height by response capability was detected, both among boys and girls the results indicate a larger random measurement error among students with low response capability.
BMI z-scores were underestimated when based on self-reports of weight and height irrespective of gender and BMI response capability. A gender difference was identified as girls with low BMI response capability systematically underestimated their BMI z-scores more than girls with high BMI response capability. Difference in BMI z-scores among boys did not vary across BMI response capability. These differences by gender are also reflected in the analyses of overweight prevalence. Among boys, the difference in underestimation of overweight prevalence constituted only 0.58 percentage points (with the largest underestimation among boys with high response capability) while the difference constituted 1.33 percentage points among girls when comparing students with low and high BMI response capability. Generally, the overall misclassification of height and weight from self-reported data resulted in an underestimation of the proportion of overweight boys of approximately 5% and an underestimation of overweight girls of approximately 6%.
Among both boys and girls low response capability seems to be consistently associated with a larger random measurement error while a systematic underestimation of BMI z-score and overweight prevalence due to low response capability was only observed among girls. These finding were due to a systematic underestimation of weight among girls who were not weighed recently and among girls with low recall ability for weight. The results therefore indicate that integrating measures of response capability for weight and height among adolescents in questionnaire surveys may be appropriate for identifying adolescent girls with an increased risk of reporting erroneous information on weight. Following, analyses and conclusions drawn based on self-reported data only can be evaluated and adjusted accordingly, e.g. by comparing analyses conducted with and without inclusion of adolescents with low response capability. One way to benefit from information about response capability is to carry out sub-group analyses among participants with high response capability. If analyses in such sub-groups produce prevalence levels and associations which are very different from analyses on the entire study population, this would be an indication of severe problems of misclassification in the entire study population. The present study is however the first of its kind and additional studies in other and less selected populations are needed to generate a more general picture on the influence of response capability for reporting height and weight among adolescent boys and girls. Generally, it should however be prioritized that possible adaptions of study designs are conducted to minimise the proportion of students with low capability for reporting height and weight. One approach could be to encourage participants to weigh and measure themselves prior to data collection. This has been suggested earlier by Wang et al. (2002) [7] . In the presented multivariate analyses measured height and weight were included in the final models. This led to some reduction in estimates indicating that some overlap may exist between the applied measure of response capability and social desirability when adolescents report weight and height. This finding is supported by the fact that overweight prevalence is higher in the groups of students who report not having been measured recently compared to those who are and in the groups of student with low recall ability compared to students with high recall ability. Still, despite adjusting for measured values significantly larger systematic underestimations were seen among girls with low response capability compared to girls with high response capability.
The presented results should be evaluated in light of the methodological approach employed. For the concept of response capability a number of assumptions are made. We define response capability by time since last weighing/ height measure and ability to recall. This approach does not consider other factors including availability and accuracy of home equipment for weighing and measuring, how the weighing and measuring are conducted, and whether the child is aware of the measured values. The participation rate was generally high and we do not anticipate substantial selection bias. However, the study is not representative and the prevalence figures cannot be generalised across populations. We propose repetition of this study in other and less selected study populations.
Conclusion
The present study showed that one third of students aged 11 to 15 years had low response capability for height and weight when responding in a self-administrated questionnaire survey. Both boys and girls underestimate their weight. Also among both boys and girls the random measurement error tended to be largest among students with low response capability while only among girls with low response capability there was a systematically larger underestimation of weight. Consequently, a similar larger underestimation of BMI z-score and overweight prevalence was found among girls with low response capability. Boys over-reported their height, and for both boys and girls the random measurement error tended to be larger among students with low response capability. For both boys and girls, there was no systematic difference in reporting height by response capability. The present study indicates that this approach may be particularly relevant for studies including self-reported measurements from girls. Repetition of this study in other and less selected study populations is recommended.
